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5HMHFWLRQRIPLQRULRQLFVROXWHVLQQDQRILOWUDWLRQ,QIOXHQFHRIVROXWLRQFRPSRVLWLRQ
13DJHV05HLJ$<DURVKFKXN2*LEHUW-/&RUWLQD
3RO\WHFKQLF8QLYHUVLW\RI&DWDORQLD6SDLQ&DWDODQ,QVWLWXWHIRU5HVHDUFKDQG$GYDQFHG
6WXGLHV6SDLQ:DWHU7HFKQRORJ\&HQWHU6SDLQ
1DQRILOWUDWLRQ 1) LV D PHPEUDQH VHSDUDWLRQ SURFHVV XVHG LQ ZDWHU WUHDWPHQW IRU LRQ
VHSDUDWLRQV WDNLQJ DGYDQWDJH RI GLIIHUHQW VHOHFWLYLWLHV WRZDUG YDULRXV LRQV KLJKHU IOX[HV DQG
ORZHU HQHUJ\ UHTXLUHPHQWV WKDQ LQ UHYHUVH RVPRVLV 52 ,Q RUGHU WR LPSURYH WKH TXDOLW\ RI
SURGXFHG ZDWHU RU H[WHQG WKH RSWLRQV RI FRQFHQWUDWH UHYDORUL]DWLRQ WKHUH LV D QHHG WR
XQGHUVWDQGDQGRSWLPLVHWKHUHMHFWLRQRIQRWRQO\PDMRUFRPSRQHQWVHJ1D&ORU0J62EXW
DOVR RI PLQRU FRPSRQHQWV OLNH DPPRQLXP EURPLGH LRGLGH HWF IURP VHDZDWHU EULQHV RU
EUDFNLVKZDWHUV

7KH VHOHFWLYLW\ RI LRQ UHMHFWLRQ E\ 1) PHPEUDQHV KDV EHHQ VWXGLHG WKHRUHWLFDOO\ DQG
H[SHULPHQWDOO\ 7KH WKHRUHWLFDO DQDO\VLV KDV EHHQ FDUULHG RXW ZLWKLQ WKH VFRSH RI VROXWLRQ
GLIIXVLRQILOPPRGHOUHFHQWO\H[WHQGHGWRHOHFWURO\WHPL[WXUHV>@

([SHULPHQWDO GDWD KDYH EHHQ REWDLQHG ZLWK WZR FRPPHUFLDO 1) PHPEUDQHV 1) 'RZ
&KHPLFDODQG7)&6.RFK0HPEUDQHZKLFKZHUHWHVWHGDWYDULRXVWUDQVPHPEUDQHSUHVVXUHV
DQGDWFRQVWDQWFURVVIORZYHORFLW\LQDFURVVIORZWHVWFHOO6HYHUDOUHSUHVHQWDWLYHFRPELQDWLRQV
RIGRPLQDQWVDOWV 1D&O&D&O0J&O0J621D62DQG WUDFH LRQV1D&O&D0J
62.121+%U,KDYHEHHQXVHG

7KHUHMHFWLRQRILRQVFUXFLDOO\GHSHQGVRQWKHLU³HQYLURQPHQW´WKDWLVWKHQDWXUHRIGRPLQDQWVDOW
DVFDQEHREVHUYHGLQ)LJ7KHGUDPDWLFGLIIHUHQFHVLQWKHUHMHFWLRQVFDQEHH[SODLQHGE\WKH
VSRQWDQHRXVO\DULVLQJHOHFWULFILHOGV7KHVHILHOGVLQFUHDVHWKHIOX[RI³VORZHU´ LRQVDQGUHGXFH
WKDW RIPRUH ³UDSLG´ RQHV RI GRPLQDQW VDOWV 7KH\ JLYH ULVH WR QHJDWLYH UHMHFWLRQV RI ³UDSLGO\
SHUPHDWLQJ´LRQVSUHVHQWDVUHODWLYHO\VPDOODGGLWLRQVWRZHOOUHMHFWHGGRPLQDQWVDOWV


)LJ5HMHFWLRQRI1DDQG&ODJDLQVWWUDQVPHPEUDQHYROXPHIORZE\1)PHPEUDQH'RZ
&KHPLFDO FURVVIORZ UDWH  PV FRQFHQWUDWLRQV RI GRPLQDQW VDOWV  P0 UHODWLYH
FRQFHQWUDWLRQVRIWUDFHVFDWKHOLQHVDUHWKHRUHWLFDOILWV
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
)LJDVKRZVWKHUHMHFWLRQVRI1DDVDSDUWRIGRPLQDQW1D&ODVDSDUWRIGRPLQDQW1D62
DV WKH WUDFH DGGHG WR 0J&O DQG DV WKH WUDFH DGGHG WR 0J62 7KH LQWULQVLF PHPEUDQH
SHUPHDELOLW\ WR VXOSKDWHV LV YHU\ ORZ DQG WKXV ORZHU WKDQ WR 0J DQG 1D 7KHUHIRUH LQ
GRPLQDQW0J62DQG1D62WKHHOHFWULF ILHOGUHWDUGVFDWLRQVDQGPDNHVWKHUHMHFWLRQRI1D
UHODWLYHO\KLJK ,QGRPLQDQW1D&O WKHGLUHFWLRQRIHOHFWULF ILHOG LV WKHVDPHEXW LWVPDJQLWXGH LV
HVVHQWLDOO\ VPDOOHU EHFDXVH RI WKH PXFK KLJKHU PHPEUDQH SHUPHDELOLW\ WR &O ,Q GRPLQDQW
0J&O WKH PHPEUDQH SHUPHDELOLW\ WR 0J LV ORZHU WKDQ WR &O 7KHUHIRUH WKH HOHFWULF ILHOG
DFFHOHUDWHVFDWLRQVZKLFKPDNHVWKHUHMHFWLRQRI1DQHJDWLYH

)LJEVKRZVWKHUHMHFWLRQVRI&ODVDSDUWRIGRPLQDQW1D&ODVDSDUWRIGRPLQDQW0J&ODV
WKH WUDFH DGGHG WR 0J62 DQG DV WKH WUDFH DGGHG WR 1D62 ,Q ERWK VXOSKDWHFRQWDLQLQJ
GRPLQDQWVDOWV0J62DQG1D62WKHHOHFWULFILHOGDFFHOHUDWHVDQLRQVVXFKDV&ODQGPDNHV
WKHLU UHMHFWLRQ QHJDWLYH DW VPDOO WR LQWHUPHGLDWH WUDQVPHPEUDQH YROXPH IORZV +RZHYHU WKH
GRXEOHFKDUJHGRPLQDQWPDJQHVLXPFDWLRQVPDNHWKLV ILHOGZHDNHU$FFRUGLQJO\ WKHQHJDWLYH
UHMHFWLRQVRIFKORULGHLRQVLQGRPLQDQW0J62DUHQRWLFHDEO\OHVVSURQRXQFHGWKDQLQGRPLQDQW
1D62

$VDUHVXOWRIWKHRUHWLFDOLQWHUSUHWDWLRQWKHLQWULQVLFPHPEUDQHSHUPHDELOLWLHVWRLRQVKDYHEHHQ
HVWLPDWHG IRUYDULRXVVROXWLRQFKHPLVWULHV ,QIRUPDWLRQRQ WKH LRQLFSHUPHDELOLWLHV LVXVHIXO IRU
WKHRSWLPL]DWLRQRIPHPEUDQHSHUIRUPDQFHLQHOHFWURO\WHPL[WXUHV3UHGLFWLYHPRGHOOLQJRI1)LV
LPSRUWDQWIRUWKHRSWLPL]DWLRQDQGVFDOHXSRILWVDSSOLFDWLRQV

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